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Rochester, Minnesota
The morphologic basis of angiographically successful per-
cutaneous directional atherectomy and subsequent resteno-
sis in human coronary arteries is unknown. The clinical and
pathologic features of three patients who died after coro-
nary atherectomy are described . Tissue frogmeats obtained
with atherectomy demonstrated atheromatous and fibro-
proliferative iutims, media and advebtitia .
At autopsy, treated vascular segments (from the tell
anterior descending artery in two patients and a vein graft
in one patient) demonstrated discrete defects in the vascular
wall . Defects extending into atheroma, media or adventitia
corresponded with the presence of these tissues in the
atherectomy specimens. Tissues were otherwise not dis-
rupted in the manner associated with balloon angioplasty .
Acute mural thrombus deposition was evident in the resee-
Percutaneous directional coronary atherectomy has been
applied successfully in the treatment of atherosclerotic and
restenotic lesions in humans (1-3).
Preliminary analysis of
tissues recovered by this technique indicates that resection
of coheswc fragments of atheromatous or fibroproliferative
neointima and of subintimal arterial layers occurs (2,4).
Although the pattern of resection with the directional
atherectomy device has been demonstrated in cadaver arte-
rial segments (5), the morphologic basis of an angiographi-
cally successful coronary atherectomy in vivo remains un-
known .
We report the clinical and pathologic features of three
patients who underwent angiographically successful pdrcu-
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Lion zone in one patient
. Late findings included fibroprotif
erafive intimal tissue extending from the resected areas into
the vascular lumen
. In one patient intimal hyperplasia was
sufficient to narrow the vasentnr lumen by 82% and was
implicated in subsequent myocardial ischemia and infarc-
tion.
The study indicates that 1) the vascular injury asseci .
ated with atherectomy is distinct from that associated with
balloon angioplasty, 2) acute mural thrombus deposition
may occur even with resection limited to the intima, and 3)
intimal Ityperplasia may develop in regions treated with
atherectomy and may be associated with late myocardial
ischemia and infarction,
(J Am Colf Cmdiof 1990;16:1432-6)
taneous directional coronary atherectomy and who died,
respectively, 12 h, 28 days and 85 days after the procedure .
Methods
Clinical data. Percutaneous coronary atherectomy was
performed with the Simpson design directional atherectomy
device (Devices for Vascular Intervention) ; the technique
has been described previously (3,6). Clinical data pertaining
to patients undergoing atherectomy at Mayo Clinic are
maintained in a prospective registry . Details of each pa
tient's clinical course were extracted from this registry, the
clinical history and catheterization records maintained in our
laboratory. This study was approved by the Mayo Institu-
tional Review Board and each patient gave informed consent
before atherectomy .
Pathologic examination . Tissue fragments obtained by
atherectomy were fixed in neutral buffered formalie, pre-
pared routinely for light microscopy and reviewed by a
cardiovascular pathologist (W.D.E .) . Tissues were evalu-
ated according to the intimal content of atheromatous or
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fihroplastic material, the presence of medial or adventitial
elements, the presence of thrombus and the thickness of
tissue resected as measured with a calibrated ocular . In this
study the term "intimal fibroplasio"- refers to a loose prolif-
eration of smooth muscle cells and myofibroblasts .
Autopsy specimens were evaluated grossly and micro-
scopically . All microscopic sections of coronary arteries
were reviewed by one of us (W .D .E .) for extent of athero-
matous disease, fibroplasia and disruptions to the intima,
media or adventitia.
The site of coronary atherectomy it-as determined by
measuring from the cineangiogram the distance from the
coronary ostium to the central atherectomy position using an
electronic rule calibrated to each cineangiogram . The corre-
sponding arterial segment was identified at autopsy by direct
measurement from the ostium to the atherectomy sir=, and
all segments (3 mm thick) between I cm proximal and distal
to this site were submitted for histologic evaluation .
Lumen assessment. To determine the degree of stenosis
caused by acute thrombus or fibroplasia after atherectomy,
the lumen of treated vessels was measured from photomi-
crographs with use of computer-assisted digital planimetry .
The area occupied by fibroplastic tissue or acute thrombus
was measured in the same manner. The postatherectomy
lumen was presumed to represent the sum of the actual
vessel luminal area plus the area of the hyperplastic tissue or
thrombus . The percent luminal narrowing resulting from
thrombosis or intimal proliferation was presumed to be the
area occupied by hyperplasticlthromhotic tissue divided by
the estimated postatherectomy luminal area .
Luminal areas before and after atherectomy were deter-
mined from the procedural cineangiograms with videodensi-
tometry referenced to the least disersed arterial segment
adjacent to the site of atherectomy (7,8),
Results
Case I
Clinical observations. A 79 year old man with accelerated
angina was found to have tubular narrowing of the left
anterior descending coronary artery ; it appeared 85%
stenosed by videodensitometry (Table 1) . The lesion re-
quired predilation with a 2 .0 mm angioplasty balloon. After
four passes with a 6F atherectomy device, a residual stenosis
of 409,= was of served and was associated with a small intimal
!car and intraluminal haziness .
An expanding hematoma later developed at the femoral
artery puncture site that threatened perfusion to the distal
extremity . The effect of heparin was reversed and the
arterial heath removed
. The patient suddenly became by,
potensive and bradycardic and an eiectrocardiogram indn
caled acute anterior infarction. The patient was returned to
the catheterization laboratory where complete occlusion of
the
;oft anterior descending artery was partially relieved by
balloon angioplasty. Emergency coronary bypass surgery
was performed but the patient developed refractory ventric-
ular fibrillation and died.
Pathologic observations. Microscopic analysis of the
atherectomy specimens revealed 90% dense fibrotic athero-
matous (issue and 10% loose intimal fibroplasia; the maximal
thickness of the tissue was 1 .36 mm . No media or adventitia
was seen .
At
autopsy
major disease processes were limited to the
heart
. The heart weighed 520 g (expected mean weight 349 g)
and there was microscopic evidence of an anteroapical
myocardial infarct <24 h old . Grade 4 atherosclerosis (ob-
struction of the luminal cross-sectional area of >75%) of the
left anterior descending, best diagonal, intermediate and
fight coronary arteries was present
.
Multiple discrete plaque defects that differed from lesions
caused by balloon angioplasty were identified at the atherec-
tomy site in the left anterior descending artery . At one site
loss of intimal tissue nearly to the internal elastic membrane
was observed (Fig. I) . Partially organized mural thrombus
was adherent to the vessel wall at this site and a larger fresh
thrombus had formed over the mural thrombus, producing
76% luminal obstruction .
Case 2
Clinical observations. A 75 year old man with atrial
arrhythmias refractory to medications underwent atrioven-
tricular node ablation and placement of a permanent pace-
maker in December 1988. A thallium exercise test demon-
strated ischemia in the anterior, lateral and inferior walls of
the left ventricle
. Coronary angiography demonstrated 80%
stenosis of the proximal left anterior descending artery .
Seven passes with a 7F atherectomy device resulted in a
Case Age (ye) Gender L"o"
In crval m Death* C.... of Death
I 79 M 8522 LAD 12 h
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Table 1
. Characteristics of the Three Study Patients
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Figure 1 . Case I
. Photomicrograph (top) and corresponding diagram
(bottom) of alherectomy site in a patient who died 12 h after
atherectomy . The vascular lumen is narrowed by as atherosclerotic
lesion . An area of tissue resection extending to the internal elastic
lamina is visible (between arrows) . Partially organized thrombus is
adherent to the base of the resection site and fresh thrombus extends
from the resection site and into the lumen, causing obstruction .
(Verhoeff-van Gieson stain
; x 24, reduced by 30.)
residual stenosis of 20%
. He was free of cardiac symptoms
but returned 28 days later with abdominal pain. Shortly after
hospital admission, he died suddenly .
Pathologic observations
. Microscopic examination of the
alherectomy specimens revealed 80% calcific atheromatous
material and 20% organized thrombus with iron pigment . No
medial or adventilial elements were present. The maximal
thickness of resected tissue was 1.26 mm .
General autopsy findings included acute panereatitis and
acute infarction of a 30 cm length of jejunum without
evidence of mesenteric vascular occlusion . The heart
weighed 500 g (expected mean weight 327 g) and was
involved by chronic myocardial ischemia (microfocal fi-
brosis) without evidence of old or recent infarction . Calcific
grade 4 atherosclerosis was identified only in the proximal
left anterior descending artery .
At the athereclomy site a small amount of intimal fibro-
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Figure 2 . Case 2 . Pholomicrograph (top) and corresponding diagram
(bottom) of otherectomy site in a patient who died 28 days after
athereclomy. A thin rim of hyperplastic neointimal tissue is seen
adjacent to the area of apparent intimal resection . Streak artifact is
caused by sectioning through large nodular calcium deposits . (Ver-
hoe0ffvan Gieson stain ; x 18, reduced by 20%.)
plasia had developed over the atherosclerotic intima (Fig, 2).
The cells constituting the fihroplastic tissue had light micro-
scopic features typical of smooth muscle cells and myofibro-
blasts. Although an intimal flap was observed, no fissuring or
fracturing of the underlying atheromatous plaque was found .
Large calcium deposits were present in the diseased intitna
and medial thinning occurred beneath areas of greatest
atherosclerotic disease. The degree of stenosis due to fibro-
plasia was 26%.
Case 3
Clinical observations. A 77 year old man with a history of
earlier myocardial infarction underwent placement of a
sequential saphenous vein graft (aorta to posterior descend-
ing artery, then second obtuse marginal artery) in 1980 . In
May 1988 he underwent balloon dilation of a 95% stenosis of
the intercoronary graft segment
. In July 1988 balloon dilation
JACC Vol . 16, No. 6
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Figure 3. Case 3. Photomicrograph of tissue resected by directional
atherectomy (85 days before autopsy) . Tissue is from (he restenotic
lesion in a saphenous vein bypass graft . Hyperplastic neointimal
tissue (Neo) overlays dense atherosclerotic fibrotic tissue (Ash). The
vein wall is demarcated by the internal elastic membrane (lamina)
(IM
. Adventitial tissue (Adv) is seen beyond the internal elastic
lamina. (Verhoeffvad Gieson stain; x 180, reduced by 36%.)
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Intimal luenvu
Figure 4, Case 3. Pholomicrograph (top) and correspond ing diagram
(bottom) of atherectomy site in a patient who died 85 days after
atherectomy . Areas of deep vascular resection are evident as large
defects in inlima, media and adventitia of the vein graft wall
(arrows). Hyperplastic fibrutic material extending from the areas of
resection partially obstructs the vessel lumen. (Verhoefiffvan Gieson
stain; x 18, reduced by 307 )
arteries and in the proximal portion of the sequential vein
graft.
A grade 4 obstruction due primarily to loose neointimal
fibroplasia was observed at the atherectomy site and tended
to fill the wedge-shaped defects in the vein graft (Fig . 4) .
Transmural loss of intima, media and adventitia was ob-
served at one site and discrete absence of intima, internal
elastic lamina and a portion of media was observed at
another site
. Preliferative neointimal tissue extended beyond
the limits of the intimal defects and resulted in greater
luminal obstruction than was present before atherectomy .
The estimated degree of restenosis due to fibroplasia was
82% .
Discussion
of the proximal graft segment was performed because of a
new stenosis narrowing the graft lumen by 80% . In Decem-
ber 1988 the proximal graft segment was found to have a
restenotic lesion narrowing the lumen by 90% . This lesion
was resected successfully after five passes of a 7F atherec-
tomy device; there was no measurable residual stenosis .
The patient was readmitted in March
1989 with cough and
fever. He was treated for pneumonia and had some improve-
ment, but chest pain at rest and hypotension developed .
Coronary arteriography demonstrated 80% stenosis at the
atherectomy, site with angiographic evidence of intraluminal
thrombus that was reduced to 38% stenosis with balloon
angioplasty . The patient's condition improved for 48 h ; then
he suddenly developed ventricular arrhythmias refractory to
therapy and died.
Pathologic observations. The resected atherectomy spec-
imens contained 70% atheroma and 30% intimal fibroplasia;
the maximal thickness of the tissue was 0 .70 mm . Although
vein wall media was not present, a fragment of adventitia
measuring 0.36 mm in thickness was identified (Fig. 3) .
Patient autop,^,y fn4ings were limited to Me chest. The
heart weighed 595 g (expected mean weight 367 g) and was
involved not only by an ad inferior myocardial infarction, mechanisms of successful atherectomy . Previous autopsy
but also by global acute stuoendocardial infarction . Grade 4 studies (9-12) have delineated the probable mechanism of
atherosclerotic disease was present in all epicardial coronary
vascular injury associated with angiographically successful
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percutaneous balloon angioplasty of coronary arteries and
saphenous vein grafts. However, mechanisms of injury
associated with newer translominal revascularization de-
vices are less well understood . An angiographically success-
ful atherectomy procedure may be the result
of one or more
potential mechanisms
: 1) Intima may be remodeled by direct
mechanical effects on compressible tissue elements, as orig-
inally proposed by O'
.trer,
.,n
a'i„s (13) ducag solid rod
angle nasty . 2) Plaque may be isrupted with formation of
focal dissections and stretching of medial and adventitial
layers in a manner similar to the injury caused by balloon
angioplasty (the plausibility of this is perhaps heightened by
the use of low pressure balloon inflations
with this device)
(14) . 3) Finally, luminal enlargement may result from re-
moval of obstructive Material (5,6) .
Tissue fragments recovered from the atherectomy device
may include not only atheromatous material, but also por-
tions of media and adventitia
(2). In the present study the
depth of the tissue defect observed in auiopsy specimens
correlated with the vascular layers observed in atherectomy
specimens .
Plague fracturing an, medial dissection were not ob-
served in the treated vascular segments of these three
patients even though predilation with a small balloon was
required in Patient I and Patient 3 underwent balloon angio-
piast; 6 months earlier . Fibrointimal hyperplastic tissues
that characterize postballoon angioplasty restenosis (4) were
removed from Patient 3 during atherectomy . Although me-
dial and adventitial layers were resected, these layers were
not otherwise disrupted. These observations suggest that
remodeling of the atheroma is of less importance in atherec
tomy than in balloon angioplasty .
Thrombosis after atherectomy . Acute thrombotic occlu-
sion appears to be infrequent after directional atherectomy
(2,3) . However, microscopic examination of the treated
coronary segment in Patient 1, who died within 12 h of
atherectomy, indicates that
shallow mural thrombus may
develop acutely over areas of resection .
Propagation of this
thrombus occurred and may have been related to a vasova-
gal episode daring removal of the arterial sheath . Interest-
ingly, obstructive thrombus has not been frequently ob-
served angiographically in patients with medial or adventitial
resection (2), even though such deep vascular injury would
be associated with exposure ofthrombogenic type I collagen
fibers and release of thrombotic mediators (15) .
eve
Inttmal fibroplasia after atherectomy . Although resteno-
sis rates after coronary atherectomy have not yet been
established, our findings suggest that intimal fibroplasia
similar to that seen after balloon angioplasty does occur after
atherectomy and may be implicated in subsequent cardiac
nts
. Our Patient 2, who survived firA . 28 day,. after
atherectomy, had a
. nonobstruetive rim of intimal fibroplasia
overlying the area of apparent atherectomy .
Patina :
: 3, who
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survived for 85 days after atherectomy was performed
in a
saphenous vein graft, had excessive intimal fibroplasia that
obstructed the presumed postatherectomy lumen by >80% .
The role of prior balloon dilation in postatherectomy re-
stenosis is uncertain . However, neointimal growth appears
to be greatest in the areas of deepest tissue resection . The
clinical predictors of restenosis and the factors that influence
restenos
. . Idles after atherectomy are currently unknown
but exuberant intimal smooth muscle cell proliferation ap-
pears to be of importance .
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